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Abstract: We reemphasise the usefulness of angular correlations in LHC searches for missing
transverse energy (EmissT ) signatures that involve jet ( j) pairs with large invariant mass. For the case
of mono-jet production via gluon-fusion, we develop a realistic analysis strategy that allows to split
the dark matter (DM) signal into distinct one jet-like and two jet-like event samples. By performing
state-of-the-art Monte Carlo simulations of both the mono-jet signature and the standard model
background, it is shown that the dijet azimuthal angle difference ∆φ j1 j2 in 2 j + E
miss
T production
provides a powerful discriminant in realistic searches. Employing a shape fit to ∆φ j1 j2 , we then
determine the LHC reach of the mono-jet channel in the context of spin-0 s-channel DM simplified
models. The constraints obtained by the proposed ∆φ j1 j2 shape fit turn out to be significantly more
stringent than those that derive from standard EmissT shape analyses.
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1 Introduction
One of the main channels used in the search for direct production of dark matter (DM) at hadron
colliders is the final state that includes a high transverse momentum (pT ) hardonic jet recoiling
against the undetectable DM particles. These so-called mono-jet searches have a long and partly
colourful history. They have been performed in the past at all major general purpose detector
experiments like UA1, CDF and DØ [1–3], and at the LHC they now represent an important pillar
of the search strategy for new physics beyond the standard model (SM).
The latest ATLAS and CMS mono-jet results [4, 5] are based on an integrated luminosity
of around 36 fb−1 of 13 TeV LHC data. Both searches require the presence of at least a single
high-pT jet and fit the shape of the missing transverse energy (EmissT ) spectrum to extract limits on
DM production. Given the good theoretical understanding of the Z/W + jets SM backgrounds [6],
LHC measurements of the EmissT distribution in mono-jet production place the leading constraints on
s-channel DM simplified models (see for instance [7–9] and references therein) in certain regions of
parameter space. However, since the corresponding shapes of the EmissT spectra are featureless and
largely independent of the type of mediation mechanism, existing mono-jet measurements provide
insufficient information to determine additional DM properties.
In order to disentangle different types of DM-SM interactions through studies of X + EmissT
signatures more complicated observables and/or final states X need to be considered. The simplest
option are channels with at least two SM particles such as two jets ( j) or two charged leptons (l)
and EmissT in the final state. The 2 j + E
miss
T signature can thereby result from either the gluon-
fusion [10] or the vector-boson fusion [11–13] channel, while the 2l + EmissT signal can for instance
arise from tt¯ + EmissT [14, 15] and tW + E
miss
T [16, 17] production. In all cases the angular correla-
tions of the visible final state particles have been studied and shown to provide useful information
on the structure of the interactions between the dark and the SM sector. The goal of this work
is to reassess the usefulness of dijet angular correlations in the gluon-fusion 2 j + EmissT channel,
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applying the general ideas presented in [10] to the case of spin-0 simplified DM models. By per-
forming simulations of the DM signal taking into account the effects of matrix element matching
and merging, parton shower and hadronisation corrections and a realistic detector modelling, we
show that the azimuthal angle difference ∆φ j1 j2 between the two jets in 2 j + E
miss
T events furnishes
a powerful model discriminant in a realistic experimental environment. We find that compared to
standard EmissT likelihood fits, the inclusion of shape information on ∆φ j1 j2 should lead to a signifi-
cantly improved reach in spin-0 s-channel DM simplified models. Projections are presented based
on 300 fb−1 and 3 ab−1 of 14 TeV LHC data, corresponding to LHC Run-3 and the high-luminosity
phase of the LHC (HL-LHC).
Our article is organised as follows. In Section 2 we briefly describe the structure of the DM
simplified models that we use to interpret the 2 j+EmissT searches. In this section also the generation
of the DM signal and the SM backgrounds is explained and our detector simulation is described.
Section 3 details our analysis strategy and discusses the angular correlations of the DM signal.
The LHC Run-3 and HL-LHC projections are presented in Section 4. We conclude in Section 5.
Supplementary material can be found in Appendix A.
2 DM signal and SM backgound
In our work the following simplified Lagrangians are studied (see e.g. [7–9])
Lφ ⊃ −gχφχ¯χ − φ√
2
∑
q=u,d,s,c,b,t
gq yq q¯q ,
La ⊃ −igχaχ¯γ5χ − i a√
2
∑
q=u,d,s,c,b,t
gq yq q¯γ5 q ,
(2.1)
which describe the coupling of a dark sector to the SM through the s-channel exchange of scalar (φ)
and pseudoscalar (a) mediators. In (2.1) the symbol χ represents the DM particle assumed to be
a Dirac fermion, gχ is a dark-sector Yukawa coupling, yq =
√
2mq/v are the SM quark Yukawa
couplings with mq the mass of the relevant quark q and v ' 246 GeV the Higgs vacuum expectation
value, and γ5 denotes the fifth Dirac matrix.
The DM signal samples are generated at leading order (LO) using the DMsimp [18] imple-
mentation of the Lagrangians (2.1) together with MadGraph5_aMC@NLO [19] and NNPDF3.0 [20]
parton distribution functions (PDFs). The associated production of DM with one and two jets
are generated for pp collisions at a centre-of-mass (CM) energy of 14 TeV. See Figure 1 for rep-
resentative one-loop graphs that contribute to the 2 j + EmissT signal in the spin-0 s-channel DM
simplified models. The events are showered with PYTHIA 8.2 [21] using the Catani-Kraus-Kuhn-
Webber (CKKW) jet matching prescription [22]. We consider five different values of the mediator
mass Mφ/a in the range from 50 GeV to 1 TeV. The mass of the DM particles is set to mχ = 1 GeV
and we employ gχ = gt = 1 for the couplings of the mediators to DM and top quarks. The to-
tal decay width Γφ/a of the mediator is assumed to be minimal and calculated at tree level using
MadGraph5_aMC@NLO. Since in the narrow width approximation the signal predictions factorise
into the cross sections for pp → 2 j + φ/a production times the φ/a → χχ¯ branching ratio, chang-
ing Γφ/a leads only to a rescaling of the signal strength. The experimental acceptance is instead
– 2 –
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<latexit sha1_base64="LXAq864lfGcQUv2npmysQ9z9FH4=">AAAB6HicbZC 7SgNBFIbPxluMt6iFhc1gEKzCrk2sJGBjmYC5QLKE2cnZZMzs7DIzK4QlT2BjoYitj2TnS+QZnFwKTfxh4OM/5zDn/EEiuDau++3kNja3tnfyu4W9/YPDo+LxSVP HqWLYYLGIVTugGgWX2DDcCGwnCmkUCGwFo7tZvfWESvNYPphxgn5EB5KHnFFjrfqgVyy5ZXcusg7eEkrVs+mUAECtV/zq9mOWRigNE1Trjucmxs+oMpwJnBS6qcaE shEdYMeipBFqP5svOiGX1umTMFb2SUPm7u+JjEZaj6PAdkbUDPVqbWb+V+ukJrzxMy6T1KBki4/CVBATk9nVpM8VMiPGFihT3O5K2JAqyozNpmBD8FZPXofmddmzX Ldp3MJCeTiHC7gCDypQhXuoQQMYIDzDK7w5j86L8+58LFpzznLmFP7I+fwB7cePNg==</latexit><latexit sha1_base64="axsTXMPJzZID8mSlrEe9JIBYfK0=">AAAB6HicbZC 7SgNBFIbPxluMl0QtLGwGg2AVdm20EAnYWCZgLpCEMDs5m4yZnV1mZoWw5AlsLBSx9RV8EzsfwDbP4CSx0MQfBj7+cw5zzu/Hgmvjup9OZmV1bX0ju5nb2t7ZzRf 29us6ShTDGotEpJo+1Si4xJrhRmAzVkhDX2DDH15P6417VJpH8taMYuyEtC95wBk11qr2u4WiW3JnIsvg/UCxfDiZ5C/fvyrdwke7F7EkRGmYoFq3PDc2nZQqw5nA ca6daIwpG9I+tixKGqLupLNFx+TEOj0SRMo+acjM/T2R0lDrUejbzpCagV6sTc3/aq3EBBedlMs4MSjZ/KMgEcREZHo16XGFzIiRBcoUt7sSNqCKMmOzydkQvMWTl 6F+VvIsV20aVzBXFo7gGE7Bg3Moww1UoAYMEB7gCZ6dO+fReXFe560Z52fmAP7IefsGR6uQ+Q==</latexit><latexit sha1_base64="axsTXMPJzZID8mSlrEe9JIBYfK0=">AAAB6HicbZC 7SgNBFIbPxluMl0QtLGwGg2AVdm20EAnYWCZgLpCEMDs5m4yZnV1mZoWw5AlsLBSx9RV8EzsfwDbP4CSx0MQfBj7+cw5zzu/Hgmvjup9OZmV1bX0ju5nb2t7ZzRf 29us6ShTDGotEpJo+1Si4xJrhRmAzVkhDX2DDH15P6417VJpH8taMYuyEtC95wBk11qr2u4WiW3JnIsvg/UCxfDiZ5C/fvyrdwke7F7EkRGmYoFq3PDc2nZQqw5nA ca6daIwpG9I+tixKGqLupLNFx+TEOj0SRMo+acjM/T2R0lDrUejbzpCagV6sTc3/aq3EBBedlMs4MSjZ/KMgEcREZHo16XGFzIiRBcoUt7sSNqCKMmOzydkQvMWTl 6F+VvIsV20aVzBXFo7gGE7Bg3Moww1UoAYMEB7gCZ6dO+fReXFe560Z52fmAP7IefsGR6uQ+Q==</latexit><latexit sha1_base64="sLlXyoLeMR+7DUNL+VhltalAX6s=">AAAB6HicbZB NS8NAEIYn9avWr6pHL4tF8FQSL3qSghePLZi20Iay2U7atZtN2N0IJfQXePGgiFd/kjf/jds2B219YeHhnRl25g1TwbVx3W+ntLG5tb1T3q3s7R8cHlWPT9o6yRR DnyUiUd2QahRcom+4EdhNFdI4FNgJJ3fzeucJleaJfDDTFIOYjiSPOKPGWq3RoFpz6+5CZB28AmpQqDmofvWHCctilIYJqnXPc1MT5FQZzgTOKv1MY0rZhI6wZ1HS GHWQLxadkQvrDEmUKPukIQv390ROY62ncWg7Y2rGerU2N/+r9TIT3QQ5l2lmULLlR1EmiEnI/Goy5AqZEVMLlCludyVsTBVlxmZTsSF4qyevQ/uq7lluubXGbRFHG c7gHC7Bg2towD00wQcGCM/wCm/Oo/PivDsfy9aSU8ycwh85nz/KA4zj</latexit>
 /a
<latexit sha1_base64="nVYh1u4weH pyC30XfHjaMaChuz0=">AAAB7XicbZDLSgMxFIbPeK31VnUpSLAIruqMG11JwY 3LCvYC7VAy6Zk2NpMMSUYope/gxkVFxJ3v4863Mb0stPWHwMd/ziHn/FEquLG+ /+2trK6tb2zmtvLbO7t7+4WDw5pRmWZYZUoo3YioQcElVi23AhupRppEAutR/3Z Srz+hNlzJBztIMUxoV/KYM2qdVWulPX5B24WiX/KnIssQzKFYPhmPPwCg0i58t TqKZQlKywQ1phn4qQ2HVFvOBI7yrcxgSlmfdrHpUNIETTicbjsiZ87pkFhp96Q lU/f3xJAmxgySyHUm1PbMYm1i/ldrZja+DodcpplFyWYfxZkgVpHJ6aTDNTIrB g4o09ztSliPasqsCyjvQggWT16G2mUpcHzv0riBmXJwDKdwDgFcQRnuoAJVYPAI zzCGV095L96b9z5rXfHmM0fwR97nDyx2kQs=</latexit><latexit sha1_base64="3XWwb1wP8k 0UpQE7r6Am7Cbkr2I=">AAAB7XicbZDLSgMxFIbPeK31VnUpSLAIruqMG11JwY 3LCvYC7VAyaaaNzWVIMkIZ+g5uXLSIW9/HnW9jpu1CW38IfPznHHLOHyWcGev7 397a+sbm1nZhp7i7t39wWDo6bhiVakLrRHGlWxE2lDNJ65ZZTluJplhEnDaj4X1 eb75QbZiST3aU0FDgvmQxI9g6q9FJBuwKd0tlv+LPhFYhWEC5ejbJNa11S1+dn iKpoNISjo1pB35iwwxrywin42InNTTBZIj7tO1QYkFNmM22HaML5/RQrLR70qK Z+3siw8KYkYhcp8B2YJZruflfrZ3a+DbMmExSSyWZfxSnHFmF8tNRj2lKLB85w EQztysiA6wxsS6gogshWD55FRrXlcDxo0vjDuYqwCmcwyUEcANVeIAa1IHAM7zC BKae8t68d+9j3rrmLWZO4I+8zx+Js5LQ</latexit><latexit sha1_base64="3XWwb1wP8k 0UpQE7r6Am7Cbkr2I=">AAAB7XicbZDLSgMxFIbPeK31VnUpSLAIruqMG11JwY 3LCvYC7VAyaaaNzWVIMkIZ+g5uXLSIW9/HnW9jpu1CW38IfPznHHLOHyWcGev7 397a+sbm1nZhp7i7t39wWDo6bhiVakLrRHGlWxE2lDNJ65ZZTluJplhEnDaj4X1 eb75QbZiST3aU0FDgvmQxI9g6q9FJBuwKd0tlv+LPhFYhWEC5ejbJNa11S1+dn iKpoNISjo1pB35iwwxrywin42InNTTBZIj7tO1QYkFNmM22HaML5/RQrLR70qK Z+3siw8KYkYhcp8B2YJZruflfrZ3a+DbMmExSSyWZfxSnHFmF8tNRj2lKLB85w EQztysiA6wxsS6gogshWD55FRrXlcDxo0vjDuYqwCmcwyUEcANVeIAa1IHAM7zC BKae8t68d+9j3rrmLWZO4I+8zx+Js5LQ</latexit><latexit sha1_base64="aFzQixJTET dvTnt9hd5BA5Re5kA=">AAAB7XicbZBNSwMxEIZn61etX1WPXoJF8FR3vehJCl 48VrAf0C4lm07b2GyyJFmhLP0PXjwo4tX/481/Y9ruQVtfCDy8M0Nm3igR3Fjf //YKa+sbm1vF7dLO7t7+QfnwqGlUqhk2mBJKtyNqUHCJDcutwHaikcaRwFY0vp3 VW0+oDVfywU4SDGM6lHzAGbXOanaTEb+gvXLFr/pzkVUIcqhArnqv/NXtK5bGK C0T1JhO4Cc2zKi2nAmclrqpwYSyMR1ix6GkMZowm287JWfO6ZOB0u5JS+bu74m MxsZM4sh1xtSOzHJtZv5X66R2cB1mXCapRckWHw1SQawis9NJn2tkVkwcUKa52 5WwEdWUWRdQyYUQLJ+8Cs3LauD43q/UbvI4inACp3AOAVxBDe6gDg1g8AjP8Apv nvJevHfvY9Fa8PKZY/gj7/MHOKSO2w==</latexit>
t
<latexit sha1_base64="bp6ZBdIhnb obhay8nyw21eAdhH4=">AAAB6HicbZC7SgNBFIbPxluMt6ilzWAQrMKuKbTSgI 1lAuYCyRJmJ2eTMbOzy8ysEJY8gY2FIra+im9g59s4uRSa+MPAx/+fw5xzgkRw bVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2Ap Gt9O89YhK81jem3GCfkQHkoecUWOtuukVS27ZnYmsgreA0s1npVIFgFqv+NXtx yyNUBomqNYdz02Mn1FlOBM4KXRTjQllIzrAjkVJI9R+Nht0Qs6s0ydhrOyThsz c3x0ZjbQeR4GtjKgZ6uVsav6XdVITXvkZl0lqULL5R2EqiInJdGvS5wqZEWMLl CluZyVsSBVlxt6mYI/gLa+8Cs2Lsme57paq1zBXHk7gFM7Bg0uowh3UoAEMEJ7g BV6dB+fZeXPe56U5Z9FzDH/kfPwAG4KOmA==</latexit><latexit sha1_base64="n2pj9XY1Mh BBczRSfmslCgLZApA=">AAAB6HicbZC7SgNBFIbPeo3xFrW0GQyCVdjVQisN2F gmYC6QLGF2MpuMmZ1dZs4KYckT2FgoYuur+AZ2vo2TTQpN/GHg4//PYc45QSKF Qdf9dlZW19Y3Ngtbxe2d3b390sFh08SpZrzBYhnrdkANl0LxBgqUvJ1oTqNA8lY wup3mrUeujYjVPY4T7kd0oEQoGEVr1bFXKrsVNxdZBm8O5ZvPi1y1Xumr249ZG nGFTFJjOp6boJ9RjYJJPil2U8MTykZ0wDsWFY248bN80Ak5tU6fhLG2TyHJ3d8 dGY2MGUeBrYwoDs1iNjX/yzophld+JlSSIlds9lGYSoIxmW5N+kJzhnJsgTIt7 KyEDammDO1tivYI3uLKy9A8r3iW6265eg0zFeAYTuAMPLiEKtxBDRrAgMMTvMCr 8+A8O2/O+6x0xZn3HMEfOR8/1nCPJA==</latexit><latexit sha1_base64="n2pj9XY1Mh BBczRSfmslCgLZApA=">AAAB6HicbZC7SgNBFIbPeo3xFrW0GQyCVdjVQisN2F gmYC6QLGF2MpuMmZ1dZs4KYckT2FgoYuur+AZ2vo2TTQpN/GHg4//PYc45QSKF Qdf9dlZW19Y3Ngtbxe2d3b390sFh08SpZrzBYhnrdkANl0LxBgqUvJ1oTqNA8lY wup3mrUeujYjVPY4T7kd0oEQoGEVr1bFXKrsVNxdZBm8O5ZvPi1y1Xumr249ZG nGFTFJjOp6boJ9RjYJJPil2U8MTykZ0wDsWFY248bN80Ak5tU6fhLG2TyHJ3d8 dGY2MGUeBrYwoDs1iNjX/yzophld+JlSSIlds9lGYSoIxmW5N+kJzhnJsgTIt7 KyEDammDO1tivYI3uLKy9A8r3iW6265eg0zFeAYTuAMPLiEKtxBDRrAgMMTvMCr 8+A8O2/O+6x0xZn3HMEfOR8/1nCPJA==</latexit><latexit sha1_base64="ZvmJPZnx07 PKuSDD5C2726cG9Zw=">AAAB6HicbZA9SwNBEIbn4leMX1FLm8UgWIU7G60kYG OZgPmA5Ah7m7lkzd4Hu3NCCPkFNhaK2PqT7Pw3bpIrNPGFhYd3ZtiZN0iVNOS6 305hY3Nre6e4W9rbPzg8Kh+ftEySaYFNkahEdwJuUMkYmyRJYSfVyKNAYTsY383 r7SfURibxA01S9CM+jGUoBSdrNahfrrhVdyG2Dl4OFchV75e/eoNEZBHGJBQ3p uu5KflTrkkKhbNSLzOYcjHmQ+xajHmExp8uFp2xC+sMWJho+2JiC/f3xJRHxky iwHZGnEZmtTY3/6t1Mwpv/KmM04wwFsuPwkwxStj8ajaQGgWpiQUutLS7MjHim guy2ZRsCN7qyevQuqp6lhtupXabx1GEMziHS/DgGmpwD3VoggCEZ3iFN+fReXHe nY9la8HJZ07hj5zPH923jPA=</latexit>
t
<latexit sha1_base64="bp6ZBdIhnb obhay8nyw21eAdhH4=">AAAB6HicbZC7SgNBFIbPxluMt6ilzWAQrMKuKbTSgI 1lAuYCyRJmJ2eTMbOzy8ysEJY8gY2FIra+im9g59s4uRSa+MPAx/+fw5xzgkRw bVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2Ap Gt9O89YhK81jem3GCfkQHkoecUWOtuukVS27ZnYmsgreA0s1npVIFgFqv+NXtx yyNUBomqNYdz02Mn1FlOBM4KXRTjQllIzrAjkVJI9R+Nht0Qs6s0ydhrOyThsz c3x0ZjbQeR4GtjKgZ6uVsav6XdVITXvkZl0lqULL5R2EqiInJdGvS5wqZEWMLl CluZyVsSBVlxt6mYI/gLa+8Cs2Lsme57paq1zBXHk7gFM7Bg0uowh3UoAEMEJ7g BV6dB+fZeXPe56U5Z9FzDH/kfPwAG4KOmA==</latexit><latexit sha1_base64="n2pj9XY1Mh BBczRSfmslCgLZApA=">AAAB6HicbZC7SgNBFIbPeo3xFrW0GQyCVdjVQisN2F gmYC6QLGF2MpuMmZ1dZs4KYckT2FgoYuur+AZ2vo2TTQpN/GHg4//PYc45QSKF Qdf9dlZW19Y3Ngtbxe2d3b390sFh08SpZrzBYhnrdkANl0LxBgqUvJ1oTqNA8lY wup3mrUeujYjVPY4T7kd0oEQoGEVr1bFXKrsVNxdZBm8O5ZvPi1y1Xumr249ZG nGFTFJjOp6boJ9RjYJJPil2U8MTykZ0wDsWFY248bN80Ak5tU6fhLG2TyHJ3d8 dGY2MGUeBrYwoDs1iNjX/yzophld+JlSSIlds9lGYSoIxmW5N+kJzhnJsgTIt7 KyEDammDO1tivYI3uLKy9A8r3iW6265eg0zFeAYTuAMPLiEKtxBDRrAgMMTvMCr 8+A8O2/O+6x0xZn3HMEfOR8/1nCPJA==</latexit><latexit sha1_base64="n2pj9XY1Mh BBczRSfmslCgLZApA=">AAAB6HicbZC7SgNBFIbPeo3xFrW0GQyCVdjVQisN2F gmYC6QLGF2MpuMmZ1dZs4KYckT2FgoYuur+AZ2vo2TTQpN/GHg4//PYc45QSKF Qdf9dlZW19Y3Ngtbxe2d3b390sFh08SpZrzBYhnrdkANl0LxBgqUvJ1oTqNA8lY wup3mrUeujYjVPY4T7kd0oEQoGEVr1bFXKrsVNxdZBm8O5ZvPi1y1Xumr249ZG nGFTFJjOp6boJ9RjYJJPil2U8MTykZ0wDsWFY248bN80Ak5tU6fhLG2TyHJ3d8 dGY2MGUeBrYwoDs1iNjX/yzophld+JlSSIlds9lGYSoIxmW5N+kJzhnJsgTIt7 KyEDammDO1tivYI3uLKy9A8r3iW6265eg0zFeAYTuAMPLiEKtxBDRrAgMMTvMCr 8+A8O2/O+6x0xZn3HMEfOR8/1nCPJA==</latexit><latexit sha1_base64="ZvmJPZnx07 PKuSDD5C2726cG9Zw=">AAAB6HicbZA9SwNBEIbn4leMX1FLm8UgWIU7G60kYG OZgPmA5Ah7m7lkzd4Hu3NCCPkFNhaK2PqT7Pw3bpIrNPGFhYd3ZtiZN0iVNOS6 305hY3Nre6e4W9rbPzg8Kh+ftEySaYFNkahEdwJuUMkYmyRJYSfVyKNAYTsY383 r7SfURibxA01S9CM+jGUoBSdrNahfrrhVdyG2Dl4OFchV75e/eoNEZBHGJBQ3p uu5KflTrkkKhbNSLzOYcjHmQ+xajHmExp8uFp2xC+sMWJho+2JiC/f3xJRHxky iwHZGnEZmtTY3/6t1Mwpv/KmM04wwFsuPwkwxStj8ajaQGgWpiQUutLS7MjHim guy2ZRsCN7qyevQuqp6lhtupXabx1GEMziHS/DgGmpwD3VoggCEZ3iFN+fReXHe nY9la8HJZ07hj5zPH923jPA=</latexit>
t
<latexit sha1_base64="bp6ZBdIhnb obhay8nyw21eAdhH4=">AAAB6HicbZC7SgNBFIbPxluMt6ilzWAQrMKuKbTSgI 1lAuYCyRJmJ2eTMbOzy8ysEJY8gY2FIra+im9g59s4uRSa+MPAx/+fw5xzgkRw bVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2Ap Gt9O89YhK81jem3GCfkQHkoecUWOtuukVS27ZnYmsgreA0s1npVIFgFqv+NXtx yyNUBomqNYdz02Mn1FlOBM4KXRTjQllIzrAjkVJI9R+Nht0Qs6s0ydhrOyThsz c3x0ZjbQeR4GtjKgZ6uVsav6XdVITXvkZl0lqULL5R2EqiInJdGvS5wqZEWMLl CluZyVsSBVlxt6mYI/gLa+8Cs2Lsme57paq1zBXHk7gFM7Bg0uowh3UoAEMEJ7g BV6dB+fZeXPe56U5Z9FzDH/kfPwAG4KOmA==</latexit><latexit sha1_base64="n2pj9XY1Mh BBczRSfmslCgLZApA=">AAAB6HicbZC7SgNBFIbPeo3xFrW0GQyCVdjVQisN2F gmYC6QLGF2MpuMmZ1dZs4KYckT2FgoYuur+AZ2vo2TTQpN/GHg4//PYc45QSKF Qdf9dlZW19Y3Ngtbxe2d3b390sFh08SpZrzBYhnrdkANl0LxBgqUvJ1oTqNA8lY wup3mrUeujYjVPY4T7kd0oEQoGEVr1bFXKrsVNxdZBm8O5ZvPi1y1Xumr249ZG nGFTFJjOp6boJ9RjYJJPil2U8MTykZ0wDsWFY248bN80Ak5tU6fhLG2TyHJ3d8 dGY2MGUeBrYwoDs1iNjX/yzophld+JlSSIlds9lGYSoIxmW5N+kJzhnJsgTIt7 KyEDammDO1tivYI3uLKy9A8r3iW6265eg0zFeAYTuAMPLiEKtxBDRrAgMMTvMCr 8+A8O2/O+6x0xZn3HMEfOR8/1nCPJA==</latexit><latexit sha1_base64="n2pj9XY1Mh BBczRSfmslCgLZApA=">AAAB6HicbZC7SgNBFIbPeo3xFrW0GQyCVdjVQisN2F gmYC6QLGF2MpuMmZ1dZs4KYckT2FgoYuur+AZ2vo2TTQpN/GHg4//PYc45QSKF Qdf9dlZW19Y3Ngtbxe2d3b390sFh08SpZrzBYhnrdkANl0LxBgqUvJ1oTqNA8lY wup3mrUeujYjVPY4T7kd0oEQoGEVr1bFXKrsVNxdZBm8O5ZvPi1y1Xumr249ZG nGFTFJjOp6boJ9RjYJJPil2U8MTykZ0wDsWFY248bN80Ak5tU6fhLG2TyHJ3d8 dGY2MGUeBrYwoDs1iNjX/yzophld+JlSSIlds9lGYSoIxmW5N+kJzhnJsgTIt7 KyEDammDO1tivYI3uLKy9A8r3iW6265eg0zFeAYTuAMPLiEKtxBDRrAgMMTvMCr 8+A8O2/O+6x0xZn3HMEfOR8/1nCPJA==</latexit><latexit sha1_base64="ZvmJPZnx07 PKuSDD5C2726cG9Zw=">AAAB6HicbZA9SwNBEIbn4leMX1FLm8UgWIU7G60kYG OZgPmA5Ah7m7lkzd4Hu3NCCPkFNhaK2PqT7Pw3bpIrNPGFhYd3ZtiZN0iVNOS6 305hY3Nre6e4W9rbPzg8Kh+ftEySaYFNkahEdwJuUMkYmyRJYSfVyKNAYTsY383 r7SfURibxA01S9CM+jGUoBSdrNahfrrhVdyG2Dl4OFchV75e/eoNEZBHGJBQ3p uu5KflTrkkKhbNSLzOYcjHmQ+xajHmExp8uFp2xC+sMWJho+2JiC/f3xJRHxky iwHZGnEZmtTY3/6t1Mwpv/KmM04wwFsuPwkwxStj8ajaQGgWpiQUutLS7MjHim guy2ZRsCN7qyevQuqp6lhtupXabx1GEMziHS/DgGmpwD3VoggCEZ3iFN+fReXHe nY9la8HJZ07hj5zPH923jPA=</latexit>
t
<latexit sha1_base64="bp6ZBdIhnbobhay8nyw21eAdhH4=">AAAB6HicbZC 7SgNBFIbPxluMt6ilzWAQrMKuKbTSgI1lAuYCyRJmJ2eTMbOzy8ysEJY8gY2FIra+im9g59s4uRSa+MPAx/+fw5xzgkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5 TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGt9O89YhK81jem3GCfkQHkoecUWOtuukVS27ZnYmsgreA0s1npVIFgFqv+NXtxyyNUBomqNYdz02Mn1FlOBM4KXRTjQll IzrAjkVJI9R+Nht0Qs6s0ydhrOyThszc3x0ZjbQeR4GtjKgZ6uVsav6XdVITXvkZl0lqULL5R2EqiInJdGvS5wqZEWMLlCluZyVsSBVlxt6mYI/gLa+8Cs2Lsme57 paq1zBXHk7gFM7Bg0uowh3UoAEMEJ7gBV6dB+fZeXPe56U5Z9FzDH/kfPwAG4KOmA==</latexit><latexit sha1_base64="n2pj9XY1MhBBczRSfmslCgLZApA=">AAAB6HicbZC 7SgNBFIbPeo3xFrW0GQyCVdjVQisN2FgmYC6QLGF2MpuMmZ1dZs4KYckT2FgoYuur+AZ2vo2TTQpN/GHg4//PYc45QSKFQdf9dlZW19Y3Ngtbxe2d3b390sFh08S pZrzBYhnrdkANl0LxBgqUvJ1oTqNA8lYwup3mrUeujYjVPY4T7kd0oEQoGEVr1bFXKrsVNxdZBm8O5ZvPi1y1Xumr249ZGnGFTFJjOp6boJ9RjYJJPil2U8MTykZ0 wDsWFY248bN80Ak5tU6fhLG2TyHJ3d8dGY2MGUeBrYwoDs1iNjX/yzophld+JlSSIlds9lGYSoIxmW5N+kJzhnJsgTIt7KyEDammDO1tivYI3uLKy9A8r3iW6265e g0zFeAYTuAMPLiEKtxBDRrAgMMTvMCr8+A8O2/O+6x0xZn3HMEfOR8/1nCPJA==</latexit><latexit sha1_base64="n2pj9XY1MhBBczRSfmslCgLZApA=">AAAB6HicbZC 7SgNBFIbPeo3xFrW0GQyCVdjVQisN2FgmYC6QLGF2MpuMmZ1dZs4KYckT2FgoYuur+AZ2vo2TTQpN/GHg4//PYc45QSKFQdf9dlZW19Y3Ngtbxe2d3b390sFh08S pZrzBYhnrdkANl0LxBgqUvJ1oTqNA8lYwup3mrUeujYjVPY4T7kd0oEQoGEVr1bFXKrsVNxdZBm8O5ZvPi1y1Xumr249ZGnGFTFJjOp6boJ9RjYJJPil2U8MTykZ0 wDsWFY248bN80Ak5tU6fhLG2TyHJ3d8dGY2MGUeBrYwoDs1iNjX/yzophld+JlSSIlds9lGYSoIxmW5N+kJzhnJsgTIt7KyEDammDO1tivYI3uLKy9A8r3iW6265e g0zFeAYTuAMPLiEKtxBDRrAgMMTvMCr8+A8O2/O+6x0xZn3HMEfOR8/1nCPJA==</latexit><latexit sha1_base64="ZvmJPZnx07PKuSDD5C2726cG9Zw=">AAAB6HicbZA 9SwNBEIbn4leMX1FLm8UgWIU7G60kYGOZgPmA5Ah7m7lkzd4Hu3NCCPkFNhaK2PqT7Pw3bpIrNPGFhYd3ZtiZN0iVNOS6305hY3Nre6e4W9rbPzg8Kh+ftEySaYF NkahEdwJuUMkYmyRJYSfVyKNAYTsY383r7SfURibxA01S9CM+jGUoBSdrNahfrrhVdyG2Dl4OFchV75e/eoNEZBHGJBQ3puu5KflTrkkKhbNSLzOYcjHmQ+xajHmE xp8uFp2xC+sMWJho+2JiC/f3xJRHxkyiwHZGnEZmtTY3/6t1Mwpv/KmM04wwFsuPwkwxStj8ajaQGgWpiQUutLS7MjHimguy2ZRsCN7qyevQuqp6lhtupXabx1GEM ziHS/DgGmpwD3VoggCEZ3iFN+fReXHenY9la8HJZ07hj5zPH923jPA=</latexit>
t
<latexit sha1_base64="bp6ZBdIhnb obhay8nyw21eAdhH4=">AAAB6HicbZC7SgNBFIbPxluMt6ilzWAQrMKuKbTSgI 1lAuYCyRJmJ2eTMbOzy8ysEJY8gY2FIra+im9g59s4uRSa+MPAx/+fw5xzgkRw bVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2Ap Gt9O89YhK81jem3GCfkQHkoecUWOtuukVS27ZnYmsgreA0s1npVIFgFqv+NXtx yyNUBomqNYdz02Mn1FlOBM4KXRTjQllIzrAjkVJI9R+Nht0Qs6s0ydhrOyThsz c3x0ZjbQeR4GtjKgZ6uVsav6XdVITXvkZl0lqULL5R2EqiInJdGvS5wqZEWMLl CluZyVsSBVlxt6mYI/gLa+8Cs2Lsme57paq1zBXHk7gFM7Bg0uowh3UoAEMEJ7g BV6dB+fZeXPe56U5Z9FzDH/kfPwAG4KOmA==</latexit><latexit sha1_base64="n2pj9XY1Mh BBczRSfmslCgLZApA=">AAAB6HicbZC7SgNBFIbPeo3xFrW0GQyCVdjVQisN2F gmYC6QLGF2MpuMmZ1dZs4KYckT2FgoYuur+AZ2vo2TTQpN/GHg4//PYc45QSKF Qdf9dlZW19Y3Ngtbxe2d3b390sFh08SpZrzBYhnrdkANl0LxBgqUvJ1oTqNA8lY wup3mrUeujYjVPY4T7kd0oEQoGEVr1bFXKrsVNxdZBm8O5ZvPi1y1Xumr249ZG nGFTFJjOp6boJ9RjYJJPil2U8MTykZ0wDsWFY248bN80Ak5tU6fhLG2TyHJ3d8 dGY2MGUeBrYwoDs1iNjX/yzophld+JlSSIlds9lGYSoIxmW5N+kJzhnJsgTIt7 KyEDammDO1tivYI3uLKy9A8r3iW6265eg0zFeAYTuAMPLiEKtxBDRrAgMMTvMCr 8+A8O2/O+6x0xZn3HMEfOR8/1nCPJA==</latexit><latexit sha1_base64="n2pj9XY1Mh BBczRSfmslCgLZApA=">AAAB6HicbZC7SgNBFIbPeo3xFrW0GQyCVdjVQisN2F gmYC6QLGF2MpuMmZ1dZs4KYckT2FgoYuur+AZ2vo2TTQpN/GHg4//PYc45QSKF Qdf9dlZW19Y3Ngtbxe2d3b390sFh08SpZrzBYhnrdkANl0LxBgqUvJ1oTqNA8lY wup3mrUeujYjVPY4T7kd0oEQoGEVr1bFXKrsVNxdZBm8O5ZvPi1y1Xumr249ZG nGFTFJjOp6boJ9RjYJJPil2U8MTykZ0wDsWFY248bN80Ak5tU6fhLG2TyHJ3d8 dGY2MGUeBrYwoDs1iNjX/yzophld+JlSSIlds9lGYSoIxmW5N+kJzhnJsgTIt7 KyEDammDO1tivYI3uLKy9A8r3iW6265eg0zFeAYTuAMPLiEKtxBDRrAgMMTvMCr 8+A8O2/O+6x0xZn3HMEfOR8/1nCPJA==</latexit><latexit sha1_base64="ZvmJPZnx07 PKuSDD5C2726cG9Zw=">AAAB6HicbZA9SwNBEIbn4leMX1FLm8UgWIU7G60kYG OZgPmA5Ah7m7lkzd4Hu3NCCPkFNhaK2PqT7Pw3bpIrNPGFhYd3ZtiZN0iVNOS6 305hY3Nre6e4W9rbPzg8Kh+ftEySaYFNkahEdwJuUMkYmyRJYSfVyKNAYTsY383 r7SfURibxA01S9CM+jGUoBSdrNahfrrhVdyG2Dl4OFchV75e/eoNEZBHGJBQ3p uu5KflTrkkKhbNSLzOYcjHmQ+xajHmExp8uFp2xC+sMWJho+2JiC/f3xJRHxky iwHZGnEZmtTY3/6t1Mwpv/KmM04wwFsuPwkwxStj8ajaQGgWpiQUutLS7MjHim guy2ZRsCN7qyevQuqp6lhtupXabx1GEMziHS/DgGmpwD3VoggCEZ3iFN+fReXHe nY9la8HJZ07hj5zPH923jPA=</latexit>
t
<latexit sha1_base64="bp6ZBdIhnb obhay8nyw21eAdhH4=">AAAB6HicbZC7SgNBFIbPxluMt6ilzWAQrMKuKbTSgI 1lAuYCyRJmJ2eTMbOzy8ysEJY8gY2FIra+im9g59s4uRSa+MPAx/+fw5xzgkRw bVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2Ap Gt9O89YhK81jem3GCfkQHkoecUWOtuukVS27ZnYmsgreA0s1npVIFgFqv+NXtx yyNUBomqNYdz02Mn1FlOBM4KXRTjQllIzrAjkVJI9R+Nht0Qs6s0ydhrOyThsz c3x0ZjbQeR4GtjKgZ6uVsav6XdVITXvkZl0lqULL5R2EqiInJdGvS5wqZEWMLl CluZyVsSBVlxt6mYI/gLa+8Cs2Lsme57paq1zBXHk7gFM7Bg0uowh3UoAEMEJ7g BV6dB+fZeXPe56U5Z9FzDH/kfPwAG4KOmA==</latexit><latexit sha1_base64="n2pj9XY1Mh BBczRSfmslCgLZApA=">AAAB6HicbZC7SgNBFIbPeo3xFrW0GQyCVdjVQisN2F gmYC6QLGF2MpuMmZ1dZs4KYckT2FgoYuur+AZ2vo2TTQpN/GHg4//PYc45QSKF Qdf9dlZW19Y3Ngtbxe2d3b390sFh08SpZrzBYhnrdkANl0LxBgqUvJ1oTqNA8lY wup3mrUeujYjVPY4T7kd0oEQoGEVr1bFXKrsVNxdZBm8O5ZvPi1y1Xumr249ZG nGFTFJjOp6boJ9RjYJJPil2U8MTykZ0wDsWFY248bN80Ak5tU6fhLG2TyHJ3d8 dGY2MGUeBrYwoDs1iNjX/yzophld+JlSSIlds9lGYSoIxmW5N+kJzhnJsgTIt7 KyEDammDO1tivYI3uLKy9A8r3iW6265eg0zFeAYTuAMPLiEKtxBDRrAgMMTvMCr 8+A8O2/O+6x0xZn3HMEfOR8/1nCPJA==</latexit><latexit sha1_base64="n2pj9XY1Mh BBczRSfmslCgLZApA=">AAAB6HicbZC7SgNBFIbPeo3xFrW0GQyCVdjVQisN2F gmYC6QLGF2MpuMmZ1dZs4KYckT2FgoYuur+AZ2vo2TTQpN/GHg4//PYc45QSKF Qdf9dlZW19Y3Ngtbxe2d3b390sFh08SpZrzBYhnrdkANl0LxBgqUvJ1oTqNA8lY wup3mrUeujYjVPY4T7kd0oEQoGEVr1bFXKrsVNxdZBm8O5ZvPi1y1Xumr249ZG nGFTFJjOp6boJ9RjYJJPil2U8MTykZ0wDsWFY248bN80Ak5tU6fhLG2TyHJ3d8 dGY2MGUeBrYwoDs1iNjX/yzophld+JlSSIlds9lGYSoIxmW5N+kJzhnJsgTIt7 KyEDammDO1tivYI3uLKy9A8r3iW6265eg0zFeAYTuAMPLiEKtxBDRrAgMMTvMCr 8+A8O2/O+6x0xZn3HMEfOR8/1nCPJA==</latexit><latexit sha1_base64="ZvmJPZnx07 PKuSDD5C2726cG9Zw=">AAAB6HicbZA9SwNBEIbn4leMX1FLm8UgWIU7G60kYG OZgPmA5Ah7m7lkzd4Hu3NCCPkFNhaK2PqT7Pw3bpIrNPGFhYd3ZtiZN0iVNOS6 305hY3Nre6e4W9rbPzg8Kh+ftEySaYFNkahEdwJuUMkYmyRJYSfVyKNAYTsY383 r7SfURibxA01S9CM+jGUoBSdrNahfrrhVdyG2Dl4OFchV75e/eoNEZBHGJBQ3p uu5KflTrkkKhbNSLzOYcjHmQ+xajHmExp8uFp2xC+sMWJho+2JiC/f3xJRHxky iwHZGnEZmtTY3/6t1Mwpv/KmM04wwFsuPwkwxStj8ajaQGgWpiQUutLS7MjHim guy2ZRsCN7qyevQuqp6lhtupXabx1GEMziHS/DgGmpwD3VoggCEZ3iFN+fReXHe nY9la8HJZ07hj5zPH923jPA=</latexit>
 /a
<latexit sha1_base64="nVYh1u4weHpyC30XfHjaMaChuz0=">AAAB7XicbZD LSgMxFIbPeK31VnUpSLAIruqMG11JwY3LCvYC7VAy6Zk2NpMMSUYope/gxkVFxJ3v4863Mb0stPWHwMd/ziHn/FEquLG+/+2trK6tb2zmtvLbO7t7+4WDw5pRmWZ YZUoo3YioQcElVi23AhupRppEAutR/3ZSrz+hNlzJBztIMUxoV/KYM2qdVWulPX5B24WiX/KnIssQzKFYPhmPPwCg0i58tTqKZQlKywQ1phn4qQ2HVFvOBI7yrcxg SlmfdrHpUNIETTicbjsiZ87pkFhp96QlU/f3xJAmxgySyHUm1PbMYm1i/ldrZja+DodcpplFyWYfxZkgVpHJ6aTDNTIrBg4o09ztSliPasqsCyjvQggWT16G2mUpc Hzv0riBmXJwDKdwDgFcQRnuoAJVYPAIzzCGV095L96b9z5rXfHmM0fwR97nDyx2kQs=</latexit><latexit sha1_base64="3XWwb1wP8k0UpQE7r6Am7Cbkr2I=">AAAB7XicbZD LSgMxFIbPeK31VnUpSLAIruqMG11JwY3LCvYC7VAyaaaNzWVIMkIZ+g5uXLSIW9/HnW9jpu1CW38IfPznHHLOHyWcGev7397a+sbm1nZhp7i7t39wWDo6bhiVakL rRHGlWxE2lDNJ65ZZTluJplhEnDaj4X1eb75QbZiST3aU0FDgvmQxI9g6q9FJBuwKd0tlv+LPhFYhWEC5ejbJNa11S1+dniKpoNISjo1pB35iwwxrywin42InNTTB ZIj7tO1QYkFNmM22HaML5/RQrLR70qKZ+3siw8KYkYhcp8B2YJZruflfrZ3a+DbMmExSSyWZfxSnHFmF8tNRj2lKLB85wEQztysiA6wxsS6gogshWD55FRrXlcDxo 0vjDuYqwCmcwyUEcANVeIAa1IHAM7zCBKae8t68d+9j3rrmLWZO4I+8zx+Js5LQ</latexit><latexit sha1_base64="3XWwb1wP8k0UpQE7r6Am7Cbkr2I=">AAAB7XicbZD LSgMxFIbPeK31VnUpSLAIruqMG11JwY3LCvYC7VAyaaaNzWVIMkIZ+g5uXLSIW9/HnW9jpu1CW38IfPznHHLOHyWcGev7397a+sbm1nZhp7i7t39wWDo6bhiVakL rRHGlWxE2lDNJ65ZZTluJplhEnDaj4X1eb75QbZiST3aU0FDgvmQxI9g6q9FJBuwKd0tlv+LPhFYhWEC5ejbJNa11S1+dniKpoNISjo1pB35iwwxrywin42InNTTB ZIj7tO1QYkFNmM22HaML5/RQrLR70qKZ+3siw8KYkYhcp8B2YJZruflfrZ3a+DbMmExSSyWZfxSnHFmF8tNRj2lKLB85wEQztysiA6wxsS6gogshWD55FRrXlcDxo 0vjDuYqwCmcwyUEcANVeIAa1IHAM7zCBKae8t68d+9j3rrmLWZO4I+8zx+Js5LQ</latexit><latexit sha1_base64="aFzQixJTETdvTnt9hd5BA5Re5kA=">AAAB7XicbZB NSwMxEIZn61etX1WPXoJF8FR3vehJCl48VrAf0C4lm07b2GyyJFmhLP0PXjwo4tX/481/Y9ruQVtfCDy8M0Nm3igR3Fjf//YKa+sbm1vF7dLO7t7+QfnwqGlUqhk 2mBJKtyNqUHCJDcutwHaikcaRwFY0vp3VW0+oDVfywU4SDGM6lHzAGbXOanaTEb+gvXLFr/pzkVUIcqhArnqv/NXtK5bGKC0T1JhO4Cc2zKi2nAmclrqpwYSyMR1i x6GkMZowm287JWfO6ZOB0u5JS+bu74mMxsZM4sh1xtSOzHJtZv5X66R2cB1mXCapRckWHw1SQawis9NJn2tkVkwcUKa525WwEdWUWRdQyYUQLJ+8Cs3LauD43q/Ub vI4inACp3AOAVxBDe6gDg1g8AjP8ApvnvJevHfvY9Fa8PKZY/gj7/MHOKSO2w==</latexit>
t
<latexit sha1_base64="bp6ZBdIhnbobhay8nyw21eAdhH4=">AAAB6HicbZC 7SgNBFIbPxluMt6ilzWAQrMKuKbTSgI1lAuYCyRJmJ2eTMbOzy8ysEJY8gY2FIra+im9g59s4uRSa+MPAx/+fw5xzgkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5 TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGt9O89YhK81jem3GCfkQHkoecUWOtuukVS27ZnYmsgreA0s1npVIFgFqv+NXtxyyNUBomqNYdz02Mn1FlOBM4KXRTjQll IzrAjkVJI9R+Nht0Qs6s0ydhrOyThszc3x0ZjbQeR4GtjKgZ6uVsav6XdVITXvkZl0lqULL5R2EqiInJdGvS5wqZEWMLlCluZyVsSBVlxt6mYI/gLa+8Cs2Lsme57 paq1zBXHk7gFM7Bg0uowh3UoAEMEJ7gBV6dB+fZeXPe56U5Z9FzDH/kfPwAG4KOmA==</latexit><latexit sha1_base64="n2pj9XY1MhBBczRSfmslCgLZApA=">AAAB6HicbZC 7SgNBFIbPeo3xFrW0GQyCVdjVQisN2FgmYC6QLGF2MpuMmZ1dZs4KYckT2FgoYuur+AZ2vo2TTQpN/GHg4//PYc45QSKFQdf9dlZW19Y3Ngtbxe2d3b390sFh08S pZrzBYhnrdkANl0LxBgqUvJ1oTqNA8lYwup3mrUeujYjVPY4T7kd0oEQoGEVr1bFXKrsVNxdZBm8O5ZvPi1y1Xumr249ZGnGFTFJjOp6boJ9RjYJJPil2U8MTykZ0 wDsWFY248bN80Ak5tU6fhLG2TyHJ3d8dGY2MGUeBrYwoDs1iNjX/yzophld+JlSSIlds9lGYSoIxmW5N+kJzhnJsgTIt7KyEDammDO1tivYI3uLKy9A8r3iW6265e g0zFeAYTuAMPLiEKtxBDRrAgMMTvMCr8+A8O2/O+6x0xZn3HMEfOR8/1nCPJA==</latexit><latexit sha1_base64="n2pj9XY1MhBBczRSfmslCgLZApA=">AAAB6HicbZC 7SgNBFIbPeo3xFrW0GQyCVdjVQisN2FgmYC6QLGF2MpuMmZ1dZs4KYckT2FgoYuur+AZ2vo2TTQpN/GHg4//PYc45QSKFQdf9dlZW19Y3Ngtbxe2d3b390sFh08S pZrzBYhnrdkANl0LxBgqUvJ1oTqNA8lYwup3mrUeujYjVPY4T7kd0oEQoGEVr1bFXKrsVNxdZBm8O5ZvPi1y1Xumr249ZGnGFTFJjOp6boJ9RjYJJPil2U8MTykZ0 wDsWFY248bN80Ak5tU6fhLG2TyHJ3d8dGY2MGUeBrYwoDs1iNjX/yzophld+JlSSIlds9lGYSoIxmW5N+kJzhnJsgTIt7KyEDammDO1tivYI3uLKy9A8r3iW6265e g0zFeAYTuAMPLiEKtxBDRrAgMMTvMCr8+A8O2/O+6x0xZn3HMEfOR8/1nCPJA==</latexit><latexit sha1_base64="ZvmJPZnx07PKuSDD5C2726cG9Zw=">AAAB6HicbZA 9SwNBEIbn4leMX1FLm8UgWIU7G60kYGOZgPmA5Ah7m7lkzd4Hu3NCCPkFNhaK2PqT7Pw3bpIrNPGFhYd3ZtiZN0iVNOS6305hY3Nre6e4W9rbPzg8Kh+ftEySaYF NkahEdwJuUMkYmyRJYSfVyKNAYTsY383r7SfURibxA01S9CM+jGUoBSdrNahfrrhVdyG2Dl4OFchV75e/eoNEZBHGJBQ3puu5KflTrkkKhbNSLzOYcjHmQ+xajHmE xp8uFp2xC+sMWJho+2JiC/f3xJRHxkyiwHZGnEZmtTY3/6t1Mwpv/KmM04wwFsuPwkwxStj8ajaQGgWpiQUutLS7MjHimguy2ZRsCN7qyevQuqp6lhtupXabx1GEM ziHS/DgGmpwD3VoggCEZ3iFN+fReXHenY9la8HJZ07hj5zPH923jPA=</latexit>
t
<latexit sha1_base64="bp6ZBdIhnbobhay8nyw21eAdhH4=">AAAB6HicbZC 7SgNBFIbPxluMt6ilzWAQrMKuKbTSgI1lAuYCyRJmJ2eTMbOzy8ysEJY8gY2FIra+im9g59s4uRSa+MPAx/+fw5xzgkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5 TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGt9O89YhK81jem3GCfkQHkoecUWOtuukVS27ZnYmsgreA0s1npVIFgFqv+NXtxyyNUBomqNYdz02Mn1FlOBM4KXRTjQll IzrAjkVJI9R+Nht0Qs6s0ydhrOyThszc3x0ZjbQeR4GtjKgZ6uVsav6XdVITXvkZl0lqULL5R2EqiInJdGvS5wqZEWMLlCluZyVsSBVlxt6mYI/gLa+8Cs2Lsme57 paq1zBXHk7gFM7Bg0uowh3UoAEMEJ7gBV6dB+fZeXPe56U5Z9FzDH/kfPwAG4KOmA==</latexit><latexit sha1_base64="n2pj9XY1MhBBczRSfmslCgLZApA=">AAAB6HicbZC 7SgNBFIbPeo3xFrW0GQyCVdjVQisN2FgmYC6QLGF2MpuMmZ1dZs4KYckT2FgoYuur+AZ2vo2TTQpN/GHg4//PYc45QSKFQdf9dlZW19Y3Ngtbxe2d3b390sFh08S pZrzBYhnrdkANl0LxBgqUvJ1oTqNA8lYwup3mrUeujYjVPY4T7kd0oEQoGEVr1bFXKrsVNxdZBm8O5ZvPi1y1Xumr249ZGnGFTFJjOp6boJ9RjYJJPil2U8MTykZ0 wDsWFY248bN80Ak5tU6fhLG2TyHJ3d8dGY2MGUeBrYwoDs1iNjX/yzophld+JlSSIlds9lGYSoIxmW5N+kJzhnJsgTIt7KyEDammDO1tivYI3uLKy9A8r3iW6265e g0zFeAYTuAMPLiEKtxBDRrAgMMTvMCr8+A8O2/O+6x0xZn3HMEfOR8/1nCPJA==</latexit><latexit sha1_base64="n2pj9XY1MhBBczRSfmslCgLZApA=">AAAB6HicbZC 7SgNBFIbPeo3xFrW0GQyCVdjVQisN2FgmYC6QLGF2MpuMmZ1dZs4KYckT2FgoYuur+AZ2vo2TTQpN/GHg4//PYc45QSKFQdf9dlZW19Y3Ngtbxe2d3b390sFh08S pZrzBYhnrdkANl0LxBgqUvJ1oTqNA8lYwup3mrUeujYjVPY4T7kd0oEQoGEVr1bFXKrsVNxdZBm8O5ZvPi1y1Xumr249ZGnGFTFJjOp6boJ9RjYJJPil2U8MTykZ0 wDsWFY248bN80Ak5tU6fhLG2TyHJ3d8dGY2MGUeBrYwoDs1iNjX/yzophld+JlSSIlds9lGYSoIxmW5N+kJzhnJsgTIt7KyEDammDO1tivYI3uLKy9A8r3iW6265e g0zFeAYTuAMPLiEKtxBDRrAgMMTvMCr8+A8O2/O+6x0xZn3HMEfOR8/1nCPJA==</latexit><latexit sha1_base64="ZvmJPZnx07PKuSDD5C2726cG9Zw=">AAAB6HicbZA 9SwNBEIbn4leMX1FLm8UgWIU7G60kYGOZgPmA5Ah7m7lkzd4Hu3NCCPkFNhaK2PqT7Pw3bpIrNPGFhYd3ZtiZN0iVNOS6305hY3Nre6e4W9rbPzg8Kh+ftEySaYF NkahEdwJuUMkYmyRJYSfVyKNAYTsY383r7SfURibxA01S9CM+jGUoBSdrNahfrrhVdyG2Dl4OFchV75e/eoNEZBHGJBQ3puu5KflTrkkKhbNSLzOYcjHmQ+xajHmE xp8uFp2xC+sMWJho+2JiC/f3xJRHxkyiwHZGnEZmtTY3/6t1Mwpv/KmM04wwFsuPwkwxStj8ajaQGgWpiQUutLS7MjHimguy2ZRsCN7qyevQuqp6lhtupXabx1GEM ziHS/DgGmpwD3VoggCEZ3iFN+fReXHenY9la8HJZ07hj5zPH923jPA=</latexit>
g
<latexit sha1_base64="LXAq864lfGcQUv2npmysQ9z9FH4=">AAAB6HicbZC 7SgNBFIbPxluMt6iFhc1gEKzCrk2sJGBjmYC5QLKE2cnZZMzs7DIzK4QlT2BjoYitj2TnS+QZnFwKTfxh4OM/5zDn/EEiuDau++3kNja3tnfyu4W9/YPDo+LxSVP HqWLYYLGIVTugGgWX2DDcCGwnCmkUCGwFo7tZvfWESvNYPphxgn5EB5KHnFFjrfqgVyy5ZXcusg7eEkrVs+mUAECtV/zq9mOWRigNE1Trjucmxs+oMpwJnBS6qcaE shEdYMeipBFqP5svOiGX1umTMFb2SUPm7u+JjEZaj6PAdkbUDPVqbWb+V+ukJrzxMy6T1KBki4/CVBATk9nVpM8VMiPGFihT3O5K2JAqyozNpmBD8FZPXofmddmzX Ldp3MJCeTiHC7gCDypQhXuoQQMYIDzDK7w5j86L8+58LFpzznLmFP7I+fwB7cePNg==</latexit><latexit sha1_base64="axsTXMPJzZID8mSlrEe9JIBYfK0=">AAAB6HicbZC 7SgNBFIbPxluMl0QtLGwGg2AVdm20EAnYWCZgLpCEMDs5m4yZnV1mZoWw5AlsLBSx9RV8EzsfwDbP4CSx0MQfBj7+cw5zzu/Hgmvjup9OZmV1bX0ju5nb2t7ZzRf 29us6ShTDGotEpJo+1Si4xJrhRmAzVkhDX2DDH15P6417VJpH8taMYuyEtC95wBk11qr2u4WiW3JnIsvg/UCxfDiZ5C/fvyrdwke7F7EkRGmYoFq3PDc2nZQqw5nA ca6daIwpG9I+tixKGqLupLNFx+TEOj0SRMo+acjM/T2R0lDrUejbzpCagV6sTc3/aq3EBBedlMs4MSjZ/KMgEcREZHo16XGFzIiRBcoUt7sSNqCKMmOzydkQvMWTl 6F+VvIsV20aVzBXFo7gGE7Bg3Moww1UoAYMEB7gCZ6dO+fReXFe560Z52fmAP7IefsGR6uQ+Q==</latexit><latexit sha1_base64="axsTXMPJzZID8mSlrEe9JIBYfK0=">AAAB6HicbZC 7SgNBFIbPxluMl0QtLGwGg2AVdm20EAnYWCZgLpCEMDs5m4yZnV1mZoWw5AlsLBSx9RV8EzsfwDbP4CSx0MQfBj7+cw5zzu/Hgmvjup9OZmV1bX0ju5nb2t7ZzRf 29us6ShTDGotEpJo+1Si4xJrhRmAzVkhDX2DDH15P6417VJpH8taMYuyEtC95wBk11qr2u4WiW3JnIsvg/UCxfDiZ5C/fvyrdwke7F7EkRGmYoFq3PDc2nZQqw5nA ca6daIwpG9I+tixKGqLupLNFx+TEOj0SRMo+acjM/T2R0lDrUejbzpCagV6sTc3/aq3EBBedlMs4MSjZ/KMgEcREZHo16XGFzIiRBcoUt7sSNqCKMmOzydkQvMWTl 6F+VvIsV20aVzBXFo7gGE7Bg3Moww1UoAYMEB7gCZ6dO+fReXFe560Z52fmAP7IefsGR6uQ+Q==</latexit><latexit sha1_base64="sLlXyoLeMR+7DUNL+VhltalAX6s=">AAAB6HicbZB NS8NAEIYn9avWr6pHL4tF8FQSL3qSghePLZi20Iay2U7atZtN2N0IJfQXePGgiFd/kjf/jds2B219YeHhnRl25g1TwbVx3W+ntLG5tb1T3q3s7R8cHlWPT9o6yRR DnyUiUd2QahRcom+4EdhNFdI4FNgJJ3fzeucJleaJfDDTFIOYjiSPOKPGWq3RoFpz6+5CZB28AmpQqDmofvWHCctilIYJqnXPc1MT5FQZzgTOKv1MY0rZhI6wZ1HS GHWQLxadkQvrDEmUKPukIQv390ROY62ncWg7Y2rGerU2N/+r9TIT3QQ5l2lmULLlR1EmiEnI/Goy5AqZEVMLlCludyVsTBVlxmZTsSF4qyevQ/uq7lluubXGbRFHG c7gHC7Bg2towD00wQcGCM/wCm/Oo/PivDsfy9aSU8ycwh85nz/KA4zj</latexit>
t
<latexit sha1_base64="bp6ZBdIhnbobhay8nyw21eAdhH4=">AAAB6HicbZC 7SgNBFIbPxluMt6ilzWAQrMKuKbTSgI1lAuYCyRJmJ2eTMbOzy8ysEJY8gY2FIra+im9g59s4uRSa+MPAx/+fw5xzgkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5 TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGt9O89YhK81jem3GCfkQHkoecUWOtuukVS27ZnYmsgreA0s1npVIFgFqv+NXtxyyNUBomqNYdz02Mn1FlOBM4KXRTjQll IzrAjkVJI9R+Nht0Qs6s0ydhrOyThszc3x0ZjbQeR4GtjKgZ6uVsav6XdVITXvkZl0lqULL5R2EqiInJdGvS5wqZEWMLlCluZyVsSBVlxt6mYI/gLa+8Cs2Lsme57 paq1zBXHk7gFM7Bg0uowh3UoAEMEJ7gBV6dB+fZeXPe56U5Z9FzDH/kfPwAG4KOmA==</latexit><latexit sha1_base64="n2pj9XY1MhBBczRSfmslCgLZApA=">AAAB6HicbZC 7SgNBFIbPeo3xFrW0GQyCVdjVQisN2FgmYC6QLGF2MpuMmZ1dZs4KYckT2FgoYuur+AZ2vo2TTQpN/GHg4//PYc45QSKFQdf9dlZW19Y3Ngtbxe2d3b390sFh08S pZrzBYhnrdkANl0LxBgqUvJ1oTqNA8lYwup3mrUeujYjVPY4T7kd0oEQoGEVr1bFXKrsVNxdZBm8O5ZvPi1y1Xumr249ZGnGFTFJjOp6boJ9RjYJJPil2U8MTykZ0 wDsWFY248bN80Ak5tU6fhLG2TyHJ3d8dGY2MGUeBrYwoDs1iNjX/yzophld+JlSSIlds9lGYSoIxmW5N+kJzhnJsgTIt7KyEDammDO1tivYI3uLKy9A8r3iW6265e g0zFeAYTuAMPLiEKtxBDRrAgMMTvMCr8+A8O2/O+6x0xZn3HMEfOR8/1nCPJA==</latexit><latexit sha1_base64="n2pj9XY1MhBBczRSfmslCgLZApA=">AAAB6HicbZC 7SgNBFIbPeo3xFrW0GQyCVdjVQisN2FgmYC6QLGF2MpuMmZ1dZs4KYckT2FgoYuur+AZ2vo2TTQpN/GHg4//PYc45QSKFQdf9dlZW19Y3Ngtbxe2d3b390sFh08S pZrzBYhnrdkANl0LxBgqUvJ1oTqNA8lYwup3mrUeujYjVPY4T7kd0oEQoGEVr1bFXKrsVNxdZBm8O5ZvPi1y1Xumr249ZGnGFTFJjOp6boJ9RjYJJPil2U8MTykZ0 wDsWFY248bN80Ak5tU6fhLG2TyHJ3d8dGY2MGUeBrYwoDs1iNjX/yzophld+JlSSIlds9lGYSoIxmW5N+kJzhnJsgTIt7KyEDammDO1tivYI3uLKy9A8r3iW6265e g0zFeAYTuAMPLiEKtxBDRrAgMMTvMCr8+A8O2/O+6x0xZn3HMEfOR8/1nCPJA==</latexit><latexit sha1_base64="ZvmJPZnx07PKuSDD5C2726cG9Zw=">AAAB6HicbZA 9SwNBEIbn4leMX1FLm8UgWIU7G60kYGOZgPmA5Ah7m7lkzd4Hu3NCCPkFNhaK2PqT7Pw3bpIrNPGFhYd3ZtiZN0iVNOS6305hY3Nre6e4W9rbPzg8Kh+ftEySaYF NkahEdwJuUMkYmyRJYSfVyKNAYTsY383r7SfURibxA01S9CM+jGUoBSdrNahfrrhVdyG2Dl4OFchV75e/eoNEZBHGJBQ3puu5KflTrkkKhbNSLzOYcjHmQ+xajHmE xp8uFp2xC+sMWJho+2JiC/f3xJRHxkyiwHZGnEZmtTY3/6t1Mwpv/KmM04wwFsuPwkwxStj8ajaQGgWpiQUutLS7MjHimguy2ZRsCN7qyevQuqp6lhtupXabx1GEM ziHS/DgGmpwD3VoggCEZ3iFN+fReXHenY9la8HJZ07hj5zPH923jPA=</latexit>
g
<latexit sha1_base64="LXAq864lfGcQUv2npmysQ9z9FH4=">AAAB6HicbZC 7SgNBFIbPxluMt6iFhc1gEKzCrk2sJGBjmYC5QLKE2cnZZMzs7DIzK4QlT2BjoYitj2TnS+QZnFwKTfxh4OM/5zDn/EEiuDau++3kNja3tnfyu4W9/YPDo+LxSVP HqWLYYLGIVTugGgWX2DDcCGwnCmkUCGwFo7tZvfWESvNYPphxgn5EB5KHnFFjrfqgVyy5ZXcusg7eEkrVs+mUAECtV/zq9mOWRigNE1Trjucmxs+oMpwJnBS6qcaE shEdYMeipBFqP5svOiGX1umTMFb2SUPm7u+JjEZaj6PAdkbUDPVqbWb+V+ukJrzxMy6T1KBki4/CVBATk9nVpM8VMiPGFihT3O5K2JAqyozNpmBD8FZPXofmddmzX Ldp3MJCeTiHC7gCDypQhXuoQQMYIDzDK7w5j86L8+58LFpzznLmFP7I+fwB7cePNg==</latexit><latexit sha1_base64="axsTXMPJzZID8mSlrEe9JIBYfK0=">AAAB6HicbZC 7SgNBFIbPxluMl0QtLGwGg2AVdm20EAnYWCZgLpCEMDs5m4yZnV1mZoWw5AlsLBSx9RV8EzsfwDbP4CSx0MQfBj7+cw5zzu/Hgmvjup9OZmV1bX0ju5nb2t7ZzRf 29us6ShTDGotEpJo+1Si4xJrhRmAzVkhDX2DDH15P6417VJpH8taMYuyEtC95wBk11qr2u4WiW3JnIsvg/UCxfDiZ5C/fvyrdwke7F7EkRGmYoFq3PDc2nZQqw5nA ca6daIwpG9I+tixKGqLupLNFx+TEOj0SRMo+acjM/T2R0lDrUejbzpCagV6sTc3/aq3EBBedlMs4MSjZ/KMgEcREZHo16XGFzIiRBcoUt7sSNqCKMmOzydkQvMWTl 6F+VvIsV20aVzBXFo7gGE7Bg3Moww1UoAYMEB7gCZ6dO+fReXFe560Z52fmAP7IefsGR6uQ+Q==</latexit><latexit sha1_base64="axsTXMPJzZID8mSlrEe9JIBYfK0=">AAAB6HicbZC 7SgNBFIbPxluMl0QtLGwGg2AVdm20EAnYWCZgLpCEMDs5m4yZnV1mZoWw5AlsLBSx9RV8EzsfwDbP4CSx0MQfBj7+cw5zzu/Hgmvjup9OZmV1bX0ju5nb2t7ZzRf 29us6ShTDGotEpJo+1Si4xJrhRmAzVkhDX2DDH15P6417VJpH8taMYuyEtC95wBk11qr2u4WiW3JnIsvg/UCxfDiZ5C/fvyrdwke7F7EkRGmYoFq3PDc2nZQqw5nA ca6daIwpG9I+tixKGqLupLNFx+TEOj0SRMo+acjM/T2R0lDrUejbzpCagV6sTc3/aq3EBBedlMs4MSjZ/KMgEcREZHo16XGFzIiRBcoUt7sSNqCKMmOzydkQvMWTl 6F+VvIsV20aVzBXFo7gGE7Bg3Moww1UoAYMEB7gCZ6dO+fReXFe560Z52fmAP7IefsGR6uQ+Q==</latexit><latexit sha1_base64="sLlXyoLeMR+7DUNL+VhltalAX6s=">AAAB6HicbZB NS8NAEIYn9avWr6pHL4tF8FQSL3qSghePLZi20Iay2U7atZtN2N0IJfQXePGgiFd/kjf/jds2B219YeHhnRl25g1TwbVx3W+ntLG5tb1T3q3s7R8cHlWPT9o6yRR DnyUiUd2QahRcom+4EdhNFdI4FNgJJ3fzeucJleaJfDDTFIOYjiSPOKPGWq3RoFpz6+5CZB28AmpQqDmofvWHCctilIYJqnXPc1MT5FQZzgTOKv1MY0rZhI6wZ1HS GHWQLxadkQvrDEmUKPukIQv390ROY62ncWg7Y2rGerU2N/+r9TIT3QQ5l2lmULLlR1EmiEnI/Goy5AqZEVMLlCludyVsTBVlxmZTsSF4qyevQ/uq7lluubXGbRFHG c7gHC7Bg2towD00wQcGCM/wCm/Oo/PivDsfy9aSU8ycwh85nz/KA4zj</latexit>
q
<latexit sha1_base64="hPDpOnkuaeS8zPqGhXetWVcAef4=">AAAB6HicbZC 7SgNBFIbPxluMt6iFhc1gEKzCro1WErCxTMBcIFnC7ORsMmZ2dp2ZFcKSJ7CxUMTWR7LzJfIMTi6FJv4w8PGfc5hz/iARXBvX/XZya+sbm1v57cLO7t7+QfHwqKH jVDGss1jEqhVQjYJLrBtuBLYShTQKBDaD4e203nxCpXks780oQT+ifclDzqixVu2xWyy5ZXcmsgreAkqVk8mEAEC1W/zq9GKWRigNE1Trtucmxs+oMpwJHBc6qcaE siHtY9uipBFqP5stOibn1umRMFb2SUNm7u+JjEZaj6LAdkbUDPRybWr+V2unJrz2My6T1KBk84/CVBATk+nVpMcVMiNGFihT3O5K2IAqyozNpmBD8JZPXoXGZdmzX LNp3MBceTiFM7gAD66gAndQhTowQHiGV3hzHpwX5935mLfmnMXMMfyR8/kD/O+PQA==</latexit><latexit sha1_base64="Lalf1iozpNBuVD+myDDflB3F7Y4=">AAAB6HicbZC 7SgNBFIbPxluMl0QtLGwWg2AVdm20EAnYWCZgLpAsYXZyNhkzO7vOzAphyRPYWChi6yv4JnY+gG2ewcml0MQfBj7+cw5zzu/HnCntOF9WZmV1bX0ju5nb2t7ZzRf 29usqSiTFGo14JJs+UciZwJpmmmMzlkhCn2PDH1xP6o0HlIpF4lYPY/RC0hMsYJRoY1XvO4WiU3KmspfBnUOxfDge5y8/viudwme7G9EkRKEpJ0q1XCfWXkqkZpTj KNdOFMaEDkgPWwYFCVF56XTRkX1inK4dRNI8oe2p+3siJaFSw9A3nSHRfbVYm5j/1VqJDi68lIk40Sjo7KMg4baO7MnVdpdJpJoPDRAqmdnVpn0iCdUmm5wJwV08e RnqZyXXcNWkcQUzZeEIjuEUXDiHMtxABWpAAeERnuHFurOerFfrbdaaseYzB/BH1vsPVtORAw==</latexit><latexit sha1_base64="Lalf1iozpNBuVD+myDDflB3F7Y4=">AAAB6HicbZC 7SgNBFIbPxluMl0QtLGwWg2AVdm20EAnYWCZgLpAsYXZyNhkzO7vOzAphyRPYWChi6yv4JnY+gG2ewcml0MQfBj7+cw5zzu/HnCntOF9WZmV1bX0ju5nb2t7ZzRf 29usqSiTFGo14JJs+UciZwJpmmmMzlkhCn2PDH1xP6o0HlIpF4lYPY/RC0hMsYJRoY1XvO4WiU3KmspfBnUOxfDge5y8/viudwme7G9EkRKEpJ0q1XCfWXkqkZpTj KNdOFMaEDkgPWwYFCVF56XTRkX1inK4dRNI8oe2p+3siJaFSw9A3nSHRfbVYm5j/1VqJDi68lIk40Sjo7KMg4baO7MnVdpdJpJoPDRAqmdnVpn0iCdUmm5wJwV08e RnqZyXXcNWkcQUzZeEIjuEUXDiHMtxABWpAAeERnuHFurOerFfrbdaaseYzB/BH1vsPVtORAw==</latexit><latexit sha1_base64="9oxH5/xMavCauF/p5uPuC99eNvw=">AAAB6HicbZA 9SwNBEIbn4leMX1FLm8UgWIU7G60kYGOZgPmA5Ah7m7lkzd7eZXdPCEd+gY2FIrb+JDv/jZvkCk18YeHhnRl25g0SwbVx3W+nsLG5tb1T3C3t7R8cHpWPT1o6ThX DJotFrDoB1Si4xKbhRmAnUUijQGA7GN/N6+0nVJrH8sFME/QjOpQ85IwaazUm/XLFrboLkXXwcqhArnq//NUbxCyNUBomqNZdz02Mn1FlOBM4K/VSjQllYzrErkVJ I9R+tlh0Ri6sMyBhrOyThizc3xMZjbSeRoHtjKgZ6dXa3Pyv1k1NeONnXCapQcmWH4WpICYm86vJgCtkRkwtUKa43ZWwEVWUGZtNyYbgrZ68Dq2rqme54VZqt3kcR TiDc7gED66hBvdQhyYwQHiGV3hzHp0X5935WLYWnHzmFP7I+fwB2SuM7Q==</latexit>
q
<latexit sha1_base64="hPDpOnkuaeS8zPqGhXetWVcAef4=">AAAB6HicbZC 7SgNBFIbPxluMt6iFhc1gEKzCro1WErCxTMBcIFnC7ORsMmZ2dp2ZFcKSJ7CxUMTWR7LzJfIMTi6FJv4w8PGfc5hz/iARXBvX/XZya+sbm1v57cLO7t7+QfHwqKH jVDGss1jEqhVQjYJLrBtuBLYShTQKBDaD4e203nxCpXks780oQT+ifclDzqixVu2xWyy5ZXcmsgreAkqVk8mEAEC1W/zq9GKWRigNE1Trtucmxs+oMpwJHBc6qcaE siHtY9uipBFqP5stOibn1umRMFb2SUNm7u+JjEZaj6LAdkbUDPRybWr+V2unJrz2My6T1KBk84/CVBATk+nVpMcVMiNGFihT3O5K2IAqyozNpmBD8JZPXoXGZdmzX LNp3MBceTiFM7gAD66gAndQhTowQHiGV3hzHpwX5935mLfmnMXMMfyR8/kD/O+PQA==</latexit><latexit sha1_base64="Lalf1iozpNBuVD+myDDflB3F7Y4=">AAAB6HicbZC 7SgNBFIbPxluMl0QtLGwWg2AVdm20EAnYWCZgLpAsYXZyNhkzO7vOzAphyRPYWChi6yv4JnY+gG2ewcml0MQfBj7+cw5zzu/HnCntOF9WZmV1bX0ju5nb2t7ZzRf 29usqSiTFGo14JJs+UciZwJpmmmMzlkhCn2PDH1xP6o0HlIpF4lYPY/RC0hMsYJRoY1XvO4WiU3KmspfBnUOxfDge5y8/viudwme7G9EkRKEpJ0q1XCfWXkqkZpTj KNdOFMaEDkgPWwYFCVF56XTRkX1inK4dRNI8oe2p+3siJaFSw9A3nSHRfbVYm5j/1VqJDi68lIk40Sjo7KMg4baO7MnVdpdJpJoPDRAqmdnVpn0iCdUmm5wJwV08e RnqZyXXcNWkcQUzZeEIjuEUXDiHMtxABWpAAeERnuHFurOerFfrbdaaseYzB/BH1vsPVtORAw==</latexit><latexit sha1_base64="Lalf1iozpNBuVD+myDDflB3F7Y4=">AAAB6HicbZC 7SgNBFIbPxluMl0QtLGwWg2AVdm20EAnYWCZgLpAsYXZyNhkzO7vOzAphyRPYWChi6yv4JnY+gG2ewcml0MQfBj7+cw5zzu/HnCntOF9WZmV1bX0ju5nb2t7ZzRf 29usqSiTFGo14JJs+UciZwJpmmmMzlkhCn2PDH1xP6o0HlIpF4lYPY/RC0hMsYJRoY1XvO4WiU3KmspfBnUOxfDge5y8/viudwme7G9EkRKEpJ0q1XCfWXkqkZpTj KNdOFMaEDkgPWwYFCVF56XTRkX1inK4dRNI8oe2p+3siJaFSw9A3nSHRfbVYm5j/1VqJDi68lIk40Sjo7KMg4baO7MnVdpdJpJoPDRAqmdnVpn0iCdUmm5wJwV08e RnqZyXXcNWkcQUzZeEIjuEUXDiHMtxABWpAAeERnuHFurOerFfrbdaaseYzB/BH1vsPVtORAw==</latexit><latexit sha1_base64="9oxH5/xMavCauF/p5uPuC99eNvw=">AAAB6HicbZA 9SwNBEIbn4leMX1FLm8UgWIU7G60kYGOZgPmA5Ah7m7lkzd7eZXdPCEd+gY2FIrb+JDv/jZvkCk18YeHhnRl25g0SwbVx3W+nsLG5tb1T3C3t7R8cHpWPT1o6ThX DJotFrDoB1Si4xKbhRmAnUUijQGA7GN/N6+0nVJrH8sFME/QjOpQ85IwaazUm/XLFrboLkXXwcqhArnq//NUbxCyNUBomqNZdz02Mn1FlOBM4K/VSjQllYzrErkVJ I9R+tlh0Ri6sMyBhrOyThizc3xMZjbSeRoHtjKgZ6dXa3Pyv1k1NeONnXCapQcmWH4WpICYm86vJgCtkRkwtUKa43ZWwEVWUGZtNyYbgrZ68Dq2rqme54VZqt3kcR TiDc7gED66hBvdQhyYwQHiGV3hzHp0X5935WLYWnHzmFP7I+fwB2SuM7Q==</latexit>
 
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Figure 1. Two examples of Feynman diagrams describing 2 j + EmissT production in the spin-0 s-channel DM
simplified models (2.1).
insensitive to the total decay width, and hence it is sufficient to generate samples for a single choice
of couplings. The predictions for other values of gχ and gt can then be obtained by scaling with the
associated φ/a→ χχ¯ branching ratio.
The dominant SM backgrounds arise from Z/W + jets production. We consider separately
the Z + jets channel with Z → νν¯ and the W + jets mode with W → lν where l = e, µ, τ. These
backgrounds are generated at LO with MadGraph5_aMC@NLO and NNPDF3.0 PDFs, and can con-
tain up to two additional jets in the matrix element. The generation is performed in slices of the
vector-boson pT , and the resulting events are showered with PYTHIA 8.2 employing a CKKW jet
matching. The inclusive signal region IM3 of the analysis [4] requires EmissT > 350 GeV, and for
these selections the background from Z/W + jets production amounts to around 95% of the total
SM background. Our Z/W + jets samples are normalised such that the different contributions match
the number of events in the IM3 signal region as estimated by the ATLAS collaboration scaled to
a CM energy of 14 TeV and to the appropriate integrated luminosity. In addition, the small SM
backgrounds arising from tt¯ [23], tW [24] and diboson [25, 26] production were simulated at next-
to-leading order (NLO) using POWHEG BOX [27]. Only the final states with at least one neutrino
are considered. The samples produced with POWHEG BOX are normalised to the NLO cross section
given by the generator, except for tt¯ production which is normalised to the cross section obtained
at next-to-next-to-leading order plus next-to-next-to-leading logarithmic accuracy [28, 29].
The most important experimental objects in our analysis are hadronic jets and ET,miss, whereas
charged leptons are only used for vetoing purposes. Charged leptons are constructed from stable
particles in the generator output, while jets are built by clustering the true momenta of all particles
but muons that interact in the calorimeters. FastJet [30] is used to construct anti-kt jets [31] of
radius R = 0.4. The variable ~pT,miss with magnitude ET,miss is defined at truth level, i.e. before
applying detector effects, as the vector sum of the transverse momenta of all invisible particles.
The effect of the detector is simulated by applying Gaussian smearing functions to the momenta of
the experimental objects and by employing reconstruction and tagging efficiency factors tuned to
reproduce the performance of the ATLAS detector [32, 33]. To smear EmissT the transverse momenta
of xunsmeared electrons, muons and jets are subtracted from the truth EmissT and replaced by the
corresponding smeared quantities. The residual truth imbalance is then smeared as a function of
the scalar sum of the pT of the particles not assigned to electrons or jets. Similar techniques for
fast detector simulation are used for the projection studies [34] of the ATLAS collaboration, and
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SR j SR2 j
EmissT > 350 GeV
∆φ~p missT j
> 0.4
leading jet |η j1 | < 2.4 , pT, j1 > 250 GeV |η j1 | < 2.4 , pT, j1 > 100 GeV
subleading jet
 n/a , N j = 1 ,|η j2 | < 2.8 , pT, j2 > 30 GeV , N j > 1 |η j2 | < 2.8 , pT, j2 > 50 GeV
m j1 j2
 n/a , N j = 1 ,< 500 GeV (800 GeV) , N j > 1 > 500 GeV (800 GeV)
Table 1. Definition of the two signal regions SR j and SR2 j. See the text for additional explanations.
have also been employed in the phenomenological analyses [15, 17, 35, 36].
3 Analysis strategy
In our analysis, two orthogonal signal regions are defined. One focusing on the signature with a
single jet (SR j), and another one with two jets of high dijet invariant mass m j1 j2 (SR2 j). The defini-
tions of the signal regions are summarised in Table 1. The basic selections for both signal regions
require EmissT > 350 GeV, and that the separation in the azimuthal angle ∆φ~p missT j between ~p
miss
T and
any jet satisfies ∆φ~p missT j > 0.4. Reconstructed jets have to have |η j| < 2.8 and pT, j > 20 GeV, and
events containing more than four jets, i.e. N j > 4, with pT, j > 30 GeV are vetoed. The latter two
cuts ensure that the background from QCD multijet production is subdominant in the experimental
analysis. We also veto events with electrons or muons.
Jets are treated differently in the two signal regions. In SR j (SR2 j), we demand the presence of
at least one jet ( j1) with |η j1 | < 2.4 and pT, j1 > 250 GeV (pT, j1 > 100 GeV). Notice that the EmissT ,
the ∆φ~p missT j and the leading-jet cuts imposed in SR j match those of the signal region IM3 defined
in [4]. If SR j contains two or more jets we require |η j2 | < 2.8 and pT, j2 > 30 GeV, whereas for SR2 j
the second hardest jet has to satisfy |η j2 | < 2.8 and pT, j2 > 50 GeV. In the case of the signal
region SR2 j, we finally ask that the invariant mass of the two leading jets fulfills m j1 j2 > 500 GeV
(m j1 j2 > 800 GeV) in the extrapolation to 300 fb
−1 (3 ab−1) of integrated luminosity, while if an
event in SR j features more than one jet, m j1 j2 is required to be smaller than the cut employed in
SR2 j. We emphasise that the SR2 j requirements on m j1 j2 have been optimised in our analysis to
provide the best possible separation between DM signal and SM background in terms of |∆φ j1 j2 |
distributions. Such an optimisation has not been performed in the earlier study [10].
After applying the above cuts, the SM background amounts to approximately 595k (102k)
events in SR j (SR2 j) per 300 fb−1 of integrated luminosity at the 14 TeV LHC. In both signal
regions, the ratio of the number of DM signal to SM background events turns out to be in the
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Figure 2. Normalised |∆φ j1 j2 | distributions of the 2 j + EmissT signature and the total SM background at the
14 TeV LHC. The shown results impose the experimental selections SR2 j with m j1 j2 > 500 GeV (cf. Table 1).
The choices of the spin-0 s-channel DM simplified model parameters are indicated in the legends and the
headlines of the two panels. For further explanations see the main text.
ballpark of 1% (2%) for a scalar (pseudoscalar) mediator with mass below 400 GeV. For larger
values of Mφ/a the signal-to-background ratio rapidly decreases.
The distributions for the azimuthal angle difference between the two jets |∆φ j1 j2 | in the signal
region SR2 j with m j1 j2 > 500 GeV are shown in Figure 2. All the distributions are normalised
to unity when integrated over |∆φ j1 j2 | ∈ [0, 2.6]. We see that in the case of the DM signal the
normalised |∆φ j1 j2 | spectra display a pronounced cosine-like and sine-like modulation that, as ex-
plained for example in [10, 37, 38], is typical for scalar (red) and pseudoscalar (blue) exchange.
Compared to the 2 j + EmissT scalar and pseudoscalar distributions the SM background (black) is
peaked towards |∆φ j1 j2 | = pi. The observed shape differences offer the possibility of improving
the sensitivity of the mono-jet analysis and, in the case of discovery, may allow to distinguishing
between a CP-even and a CP-odd mediation mechanism. It is important to notice in this respect
that the shape of the |∆φ j1 j2 | spectra is rather insensitive to the mediator mass as illustrated by the
left and right panel corresponding to masses of 50 GeV and 400 GeV, respectively. We stress that
compared to the previous work [10] that used hard matrix elements only, the Monte Carlo (MC)
modelling of the DM signals performed here is more sophisticated as it includes the effects of
CKKW jet matching, parton shower and hadronisation corrections and a realistic detector simula-
tion (cf. Section 2). Our study thus shows that the azimuthal angle difference ∆φ j1 j2 in 2 j + E
miss
T
production is not washed out by soft physics and/or detector effects, and therefore provides a pow-
erful model discriminant in realistic LHC mono-jet analyses. In Appendix A we quantify the gain
in sensitivity that is achieved by adding shape information to the search strategy SR2 j.
Before discussing our LHC Run-3 and HL-LHC projections, we briefly comment on the rele-
vance of the tt¯, tW and diboson backgrounds in our analysis. In the signal region SR j, we find that
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the impact of the sum of tt¯ and tW (diboson) production is negligible as this contribution amounts
to a fraction of only 0.2% (0.8%) of the total SM background. In SR2 j the contribution due to tt¯
and tW (diboson) production instead amounts to 6% (3%). The |∆φ j1 j2 | distribution of the tt¯ and
tW background is however peaked at around |∆φ j1 j2 | = 2.8 with a flat tail that slowly grows from
|∆φ j1 j2 | = 0, whereas the shape of the |∆φ j1 j2 | spectrum of the diboson background resembles that
of the leading SM background from Z/W + jets production (cf. the black histograms in Figure 2).
The discriminating power of the ∆φ j1 j2 observable is therefore not affected by the subleading back-
grounds if the ∆φ j1 j2 shape fit is limited to the range |∆φ j1 j2 | ∈ [0, 2.6], as done in the subsequent
numerical analysis.
4 LHC Run-3 and HL-LHC projections
The goal of this section is to derive upper limits on the signal strength µ, i.e. the ratio of the signal
yield to that predicted in the spin-0 s-channel DM simplified models (2.1). Given that in both signal
regions the signal-to-background ratio is at the percent level, a shape fit to a discriminant variable is
necessary to maximise the sensitivity to the DM signal. In our analysis, we perform a standard EmissT
shape fit in the signal region SR j, while in SR2 j the shape of the |∆φ j1 j2 | distributions is used as
a discriminator. In the case of the HL-LHC, the high number of events in the two signal regions
implies that the sensitivity of the search largely depends on how well the SM background can be
modelled and/or constrained. Since the systematic uncertainties plaguing the Z/W+jets background
have been identified as the limiting factor in mono-jet analyses, much experimental and theoretical
effort went into minimising these uncertainties by employing techniques that involve a mix of data-
driven methods and MC studies (see e.g. [4–6]). Since it is beyond the scope of this work to perform
such an evaluation on our MC generated SM backgrounds, we will rely on published experimental
data to approximate the effect of systematic uncertainties on the LHC sensitivity prospectives.
Given that apart from the additional m j1 j2 cut in the N j > 1 case, our signal region SR j resem-
bles the requirements of the selection IM3 of the ATLAS search [4], we base our extrapolations
on the information provided in the latter article. In the recent mono-jet analysis of the ATLAS
collaboration, the systematic uncertainties are evaluated through a combined shape fit to the signal
region and to appropriate control regions enriched by the dominant SM backgrounds. The ob-
tained systematic uncertainty on the number of SM background events in IM3 amounts to 2.6%,
and we assume that uncertainties of the same size also arise in the case of our signal regions SR j
and SR2 j. Besides the systematic uncertainty on the normalisation of the SM background, also the
shapes of the distributions which enter the likelihood fits carry uncertainties. In the case of [4] for
instance, the bin-by-bin systematic uncertainties on the shape of the EmissT distribution amount to
around [3%, 7%] for EmissT ∈ [350 GeV, 1 TeV]. These uncertainties are however strongly corre-
lated among bins and cannot be naively used as bin-by-bin errors in a likelihood fit. In addition, no
experimental information on the systematic uncertainties of the ∆φ j1 j2 distributions is available, al-
though it seems likely that the shapes of the spectra shown in Figure 2 can be modelled with higher
precision than the steeply falling EmissT distributions. As we are mainly interested in the relative
reach of the two signal regions SR j and SR2 j, as a minimal approach we only use the uncertainty
of 2.6% on the total number of expected events in each signal region, ascribing no additional error
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Figure 3. Value of the signal strength µ that can be excluded at 95% CL as a function of the mass for
scalar (left) and pseudoscalar (right) mediators. The reach for 300 fb−1 (upper row) and 3 ab−1 (lower row)
of 14 TeV LHC data is shown for the parameter choices mχ = 1 GeV and gχ = gt = 1. The displayed results
assume an uncertainty of 2.6% on the total number of expected events in both signal regions. Consult the
text for additional explanations.
to the shapes of the EmissT and ∆φ j1 j2 distributions. This procedure will allow us to calculate an
upper limit on the sensitivity of our analysis strategy.
In order to evaluate the upper confidence level (CL) limits on the signal strength µ, we con-
struct parametrised probability density functions for the DM signals and the SM background with
the HistFactory package [39]. The significance is then calculated using the CLs method [40].
The actual calculation is performed with the RooStats toolkit [41], which utilises the asymptotic
formulas for likelihood-based tests presented in [42]. The assumptions on systematic uncertainties
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incorporated in the probability density functions for each of the signal regions has already been
discussed before. Figure 3 displays our 95% CL limits for integrated luminosities of 300 fb−1 (up-
per row) and 3 ab−1 (lower row) as a function of the mediator mass for scalar (left) and pseu-
doscalar (right) mediators. The red (blue) curves correspond to the results of the EmissT (∆φ j1 j2)
shape fit in SR j (SR2 j) as described above. The corresponding fit ranges are EmissT > 350 GeV
and |∆φ j1 j2 | ∈ [0, 2.6], respectively. One observes that under the assumption of systematic un-
certainties of 2.6% on the number of SM background events in SR j and SR2 j, the ∆φ j1 j2 shape
fit proposed by us leads to significantly stronger LHC Run-3 and the HL-LHC constraints on µ
than a standard EmissT shape analysis. This finding can be understood qualitatively by recalling that
there is a large fraction of two jet-like events in the case of gluon-fusion induced mono-jet pro-
duction [43], and our ∆φ j1 j2 shape fit exploits this feature. Numerically, our SR2 j search strategy
leads to the 95% CL limits Mφ > 402 GeV and Ma > 477 GeV for mχ = 1 GeV, gχ = gt = 1
and 300 fb−1 of 14 TeV data. The corresponding bounds for 3 ab−1 of integrated luminosity read
Mφ > 587 GeV and Ma > 608 GeV. We emphasise that the quoted exclusions have been obtained
under the assumption that only the total number of expected events carries a systematic uncertainty.
This procedure hence leads to upper bounds on the sensitivity of our analysis strategy SR2 j, cor-
responding to the limit of ∆φ j1 j2 distributions with vanishing shape uncertainties. Since a reliable
estimate of shape uncertainties and their correlations is only possible in an analysis that uses real
LHC data, it is beyond the scope of this work to quantify to which extent our projections would be
weakened if shape uncertainties were to be included. Additional extrapolations based on a different
systematic uncertainty scenario can be found in Appendix A.
5 Conclusions and outlook
The main goal of this article was to put the earlier study [10] of angular correlations in gluon-fusion
production of loop-induced 2 j + EmissT signatures on more solid ground both from a theoretical and
experimental point of view. To this purpose, we have performed state-of-the-art MC simulations of
both the mono-jet signal in spin-0 s-channel simplified models and the associated SM backgrounds.
The dominant background from Z/W + jets production, but also the subleading tt¯, tW and diboson
channels have been considered. Our event generation includes the effects of jet matching and
merging as well as parton shower and hadronisation corrections, and we have performed a realistic
detector modelling (see Section 2).
The proposed analysis strategy aims at separating the mono-jet signature into two distinct
signal regions. The first signal region called SR j focuses on single jet-like events, while the second
signal region referred to as SR2 j requires the presence of a jet pair with large invariant mass in
the final state (see Section 3). In the signal region SR2 j, we have studied the azimuthal angle
difference ∆φ j1 j2 in mono-jet production. Our study shows that the latter observable provides a
powerful model discriminant in realistic LHC analyses. In fact, shape fits to the ∆φ j1 j2 variable
will generically help to improve the sensitivity of mono-jet searches (see Appendix A), and, in the
case of a discovery, might allow to distinguishing between scalar and pseudoscalar mediators.
We have then analysed the mono-jet coverage of the parameter space of the spin-0 s-channel
DM simplified models expected at LHC Run-3 and the HL-LHC (see Section 4). In a first step,
we have derived hypothetical limits on the signal strength that follow from a standard EmissT shape
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analysis to the SR j signal region. In a second step, we have then obtained bounds by performing
shape fits to the ∆φ j1 j2 variable utilising the SR2 j event samples. Under the reasonable assumption
that the systematic uncertainties on the number of SM background events in SR j and SR2 j are
the same, we have found that the proposed ∆φ j1 j2 shape fit has a significantly better reach than a
standard EmissT shape analysis. For the benchmark parameter choices mχ = 1 GeV and gχ = gt = 1,
the 95% CL exclusion limits that derive from our SR2 j search strategy read Mφ > 402 GeV and
Ma > 477 GeV for 300 fb−1 of 14 TeV data. The corresponding bounds for 3 ab−1 of integrated
luminosity turn out to be Mφ > 587 GeV and Ma > 608 GeV. Notice that in the scalar case the
quoted LHC Run-3 limit is slightly weaker than the bound that follows from a combined analysis
of tt¯+EmissT and tW +E
miss
T production [17], while in all other cases the mono-jet sensitivity exceeds
that of the tX + EmissT search. This finding illustrated the synergy and complementarity of the latter
two mono-X channels [44, 45] in the context of spin-0 s-channel DM simplified models.
We finally note that the SR2 j analysis strategy proposed by us can also be straightforwardly
applied to next-generation DM simplified models such two-Higgs-doublet extensions with an extra
spin-0 gauge singlet [46–52]. Like in the case of the spin-0 s-channel DM simplified models
discussed here, we expect that exploiting the ∆φ j1 j2 correlations in 2 j + E
miss
T production will also
allow to significantly strengthen future LHC mono-jet constraints on spin-0 next-generation DM
simplified models.
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A Supplementary material
In this appendix we extend the numerical study performed in Section 4. We start by presenting
LHC explorations based on an alternative more aggressive assumption about the systematic un-
certainties of future LHC mono-jet searches. Anticipating improvements in detector performance
and modelling of DM signal and SM background processes, we assume, in the spirit of [53, 54],
that the present systematic uncertainties on the total number of expected events in the signal re-
gions SR j and SR2 j can be reduced by a factor of 2. In Figure 4 we show the 95% CL limits for
300 fb−1 (upper row) and 3 ab−1 (lower row) of data as a function of the scalar (left) and pseu-
doscalar (right) mediator mass. The red (blue) curves illustrate the results of the EmissT (∆φ j1 j2)
shape fit in SR j (SR2 j) as described in Section 4, assuming an improved systematic uncertainty of
1.3%. Under this assumption, we find that the proposed SR2 j search strategy leads to the 95% CL
limits Mφ > 409 GeV and Ma > 490 GeV for mχ = 1 GeV, gχ = gt = 1 and 300 fb−1 of 14 TeV
data. The corresponding 3 ab−1 bounds are Mφ > 589 GeV and Ma > 609 GeV. Notice that these
limits are only marginally better than the bounds reported at the end of Section 4. The 95% CL
bounds on µ that derive from the search strategy SR j are in contrast notable improved if the sys-
tematic uncertainties are reduced from 2.6% to 1.3%. Numerically, we find average improvements
of 45% and 15% at LHC Run-3 and HL-LHC, respectively.
In addition let us quantify the impact of shape information in the two mono-jet search strate-
gies considered by us. To do so, we define the gain of sensitivity through the shape fit as the
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Figure 4. As Figure 3 but assuming uncertainties of 1.3% on the total number of expected events in the
signal regions SR j and SR2 j. See the text for further explanations.
ratio of µ values obtained with and without the inclusion of shape information. This ratio is dis-
played in Figure 5 as a function of the assumed systematic uncertainty on the number of events
in SR j (red curves) and SR2 j (blue curves). The shown results correspond to the HL-LHC and
two benchmark spin-0 s-channel DM simplified models. From the panels it is evident that the
shape information carried by ∆φ j1 j2 is a significantly more powerful constraint than that of E
miss
T .
This finding is unsurprising, if one considers the shapes of the ∆φ j1 j2 and E
miss
T corresponding to
the parameter choices used to obtain the latter figure. As can be seen from Figure 6, the ∆φ j1 j2
spectrum displays a marked cosine-like (sine-like) modulation in the scalar (pseudoscalar) case,
while the EmissT distributions are steeply falling and largely independent of the mediator type. In the
case of the ∆φ j1 j2 distributions, one furthermore observes a clear distinction between the shapes of
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Figure 5. Gain in sensitivity that is achieved by adding shape information to the search strategy
SR j (red curves) and SR2 j (blues curves) as a function of the assumed systematic uncertainties in percent.
The shown results correspond to 3 ab−1 of 14 TeV LHC data and the used parameter choices are indicated in
the headlines of the two panels. See text for additional information.
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Figure 6. Normalised |∆φ j1 j2 | (left) and EmissT (right) distributions in the SR2 j and SR j, respectively. The last
bin of the EmissT histograms is an overflow bin. The shown results correspond to 3 ab
−1 of 14 TeV data and
they impose the HL-LHC cuts as specified in Table 1. The red (blue) histograms represent the DM signal
arising from scalar (pseudoscalar) exchange, while the SM background distributions are coloured black. The
legends and the headlines of the panels indicate the used spin-0 s-channel DM simplified model parameters.
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the DM signals and the SM background, while in the EmissT case the differences between the three
normalised spectra are significantly less prominent.
The features of the results shown in Figures 3, 4, 5 and 6 thus strongly suggest that search
strategies based on ∆φ j1 j2 shape fits are not only more powerful than standard E
miss
T shape anal-
yses in constraining the parameter space of spin-0 s-channel DM simplified models, but are also
less dependent on hypothetical improvements of the systematic uncertainties of future mono-jet
searches.
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